.
1 H-NMR and High-resolution mass spectrum of MEcPP (1) 5. Figure 4S . IspG concentration dependence in the conversion of Epoxy-HMBPP (2) to MEcPP (1)......S9
6. Examining the presence of an IspG-mediated equilibrium between Epoxy-HMBPP and MEcPP… S10 IpsG protein purification. Protein purification was carried out anaerobically at coy-chamber. Frozen cells (10 g) of BL21(DE3) E. coli harboring IspG/pASK-IBA3+ and pDB1281 constructs was thawed in 50 ml of anaerobic buffer (100 mM Tris-HCl, 150 mM NaCl, pH 7.5) in an anaerobic coy chamber.
Lysozyme (1.0 mg/mL) and DNase I (100 U/g cell) were then added to the cell suspension, and the mixture was incubated on ice for 40 min with gentle agitation. The cells were disrupted by sonication (10 cycles of 30 s bursts). The supernatant and the cell debris were separated anaerobically by centrifugation (20,000 g) at 4 °C for 20 min. To the supernatant, streptomycin sulfate was added to a final concentration of 1% (w/v%), and the mixture was mixed on ice for 30 min with gentle agitation. The white DNA precipitate was then separated by centrifugation (20,000 g) for 40 min. The resulting supernatant was mixed with the Strep-Tactin resin (20 mL) and incubated on ice for 30 minutes. After the cell lysate was removed by gravity, the column was washed with washing buffer (100 mM Tris-HCl, 150 mM NaCl, pH 7.5). The recombinant IspG protein was eluted with the elution buffer (2.5 mM desthiobiotin in 50 mM
Tris-HCl buffer, pH 7.5). The purified IspG was stored in liquid nitrogen until use.
IspG NMR activity assay. The IspG NMR assay was set up in a Coy-Chamber and monitored by 1 H-NMR under anaerobic conditions. A routine NMR steady-state IspG activity assay mixture typically contained various amounts of IspG depending on its activity, 1.0 mM MEcPP (or 1.0 mM of Epoxy-HMBPP), in 100 mM Tris-HCl, pH 8.0 with a total volume of 400 μL with 50% D 2 O. Figure 2S . 2D H,P-NMR of the sample reported in Figure 2B . 2D-NMR spectra of MEcPP (1) produced from Epoxy-HMBPP (2) To further examine the relationship between MEcPP and Epoxy-HMBPP in IspG-catalyzed reaction,
Figure 2S. 2D-NMR characterization of MEcPP (1) produced from Epoxy-HMBPP (2).
we also examine the option of having MEcPP and Epoxy-HMBPP existing in an equilibrium. To examine this possibility, alkaline phosphatase was introduced to perturb the equilibrium (Figures 5S &   6S) . 16, 23, 24 MEcPP is stable to phosphatase, and there is no sign of MEcPP degradation at 37 °C for up to 3 days ( Figure 6D ). However, monophosphates and linear diphosphates readily undergo rapid dephosphorylation by phosphatase ( Figure 6B ). We hypothesized that if IspG does facilitate an equilibrium between MEcPP and Epoxy-HMBPP, the introduction of phosphatase will shift the equilibrium to the Epoxy-HMBPP side by converting Epoxy-HMBPP to alcohol 5 or monophosphate 4
( Figure 5S ). Under such a condition, MEcPP could be consumed to produce alcohol 5 through the Figure 6B , the alkaline phosphatase efficiently dephosphorylates Epoxy-HMBPP to alcohol 13 within 5 min. However, under these conditions, the ratio of MEcPP (1) to 5 remains constant over a long period examined (1 day, Figure 6C ). The results from the alkaline phosphatase experiments suggest that 
